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中，其中水稻中有 7 个成员，它们编码的蛋白中包含 1-2 个高度保守的未知功能
结构域 DUF966。公共芯片数据显示该家族多个基因受非生物胁迫的抑制表达，
暗示它们可能在水稻非生物胁迫应答中起着重要作用。为此，本研究选择了 2
个 DUF966 家族基因 OsDSR2 和 OsDSR6，主要针对它们在水稻干旱和高盐响应
中的作用进行了深入研究。主要结果如下： 
OsDSR2 基因编码 372 个氨基酸，它编码的蛋白包含 1 个 DUF966 结构域，
亚细胞定位于细胞核。qRT-PCR 检测结果表明 OsDSR2 基因主要在茎和叶片中表
达，而 GUS 活性检测表明该基因在 OsDSR2 启动子融合 GUS 表达的转基因植株
的茎和叶枕中表达较强，显示出一定的组织表达特异性；OsDSR2 的表达受干旱、






因植株增加了对干旱的敏感性；OsDSR2 超量表达转基因幼苗对 ABA 敏感性下
降，它的株高和根长受 ABA 抑制程度都显著低于对照；对转基因植株进行基因
表达谱分析，结果显示所有的胁迫响应基因在高盐和模拟干旱胁迫下均下调表
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基因 SNAC1 和 OsbZIP23 及 3 个功能蛋白基因 OsLea3、rab16C 和 P5CS 的表达
而负调控了水稻对高盐和干旱的耐受性。  
OsDSR6 基因编码 502 个氨基酸，它编码的蛋白包含 2 个 DUF966 结构域；
亚细胞定位分析表明 OsDSR6 蛋白定位到细胞膜和细胞质。组织表达分析表明
OsDSR6 主要在叶片、茎和叶鞘中表达；将该基因启动子融合 GUS 报告基因转
化进水稻，GUS 活性检测表明它在茎和叶枕中表达强烈，尤其是在茎节中有明
显积累，说明 OsDSR6 的表达显示出一定的组织特异性。逆境表达谱分析表明
OsDSR6 明显受高盐、干旱、高温和 H2O2等多个胁迫抑制表达，同时也受 ABA、






的敏感性；利用 DAB 对转基因植株叶片进行染色分析，表明干旱、高盐和 H2O2
胁迫处理均能引起离体叶片中积累较多的 H2O2 含量；OsDSR6 超表达转基因幼
苗的株高受ABA抑制程度明显低于对照，说明它对ABA敏感性下降；对OsDSR6
超表达转基因植株中胁迫响应基因进行了表达谱分析，结果表明高盐和模拟干旱
胁迫下，OsDSR6 的超量表达下调了 OsNCED4、SNAC1、OsbZIP23、OsLea3 和
rab16C 等胁迫响应基因的表达，尤以 OsLea3 和 rab16C 的下调表达较为明显，
说明 OsDSR6 负调控着水稻对高盐和模拟干旱的耐受性。 
OsDSR2 和 OsDSR6 基因编码的蛋白均包含 DUF966 结构域，它们具有不同
的亚细胞定位；两个基因主要在茎和叶片中表达，它们均受干旱、H2O2和 ABA
的抑制表达；OsDSR2 和 OsDSR6 的超量表达植株均表现出对高盐和干旱的敏感
性增强，同时对 ABA 的敏感性下降；它们主要是通过下调 OsNCED4、SNAC1、
OsbZIP23、OsLea3 和 rab16C 基因的表达而负调控水稻的高盐和干旱耐受性。这




















Drought and salt are two adverse factors affecting seriously growth, development, 
and productivity of rice. Reports of abiotic stress-related genes have been previously 
focused on isolating and identifying stress-inducible genes as well as their regulatory 
mechanisms in rice. However, very rare researchers are interested in a field of 
stress-repressive genes, and even a lacking of knowledge on the molecular 
mechanisms of these genes when subjecting rice to drought and salt as stresses. 
Previously it had shown that a large amount of abiotic stress-inducible genes and 
stress-repressive genes, coordinately could regulate rice adaptation to drought and salt 
stresses. Obviously, stress-repressive genes can play important roles when subjecting 
rice to drought and salt. Therefore, dissecting the biological functions of abiotic 
stress-repressive genes should be greatly helpful in clarifying and understanding the 
systematic molecular mechanisms of the rice stress response and adaptation.  
A DUF966 gene family is not yet characterized, which exists widely in plants. 
Among which, seven genes in rice. The proteins encoded by these genes contain one 
or two highly conserved DUF966 domains. The published microarray databases 
showed that most of the DUF966 gene families were clearly suppressed under abiotic 
stress, implying that they might play important roles in abiotic stress responses. Based 
on these bioinformatics analysis, two of DUF966 gene families, OsDSR2 and 
OsDSR6 were selected, and further studies on their characterizations and biological 
functions were carried out in rice subjected to drought and salt as stresses. The main 
results of the study are as follows: 
OsDSR2 encodes a putative protein of 372 amino acids. It is predicted that 
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localization assay suggested OsDSR2 was a nuclear-localized protein. The tissue 
expression pattern of OsDSR2 was examined by performing histochemical staining 
for GUS activity in various tissues of OsDSR2 promoter-GUS rice plants. The study 
results showed that OsDSR2 was expressed in roots, stems, pulvinuses, anthers and 
pollen cells. Its expression level was mainly accumulated in the nodes of stems and 
pulvinuses among the examined tissue samples, suggesting that the expression of 
OsDSR2 gene exhibited significant tissue specificity in rice. Expression profile 
analysis of adversity showed that the expression of OsDSR2 was repressed not only 
by drought, cold, and H2O2 stresses, but also by application of exogenous ABA, 
MeJA, SA, GA3, and IAA treatments. Under salt stress, the shoot length, root number 
and fresh weight of OsDSR2-overexpressing seedlings were significantly less than 
that of WT seedlings, suggesting that overexpression of OsDSR2 in rice resulted in 
increase sensitivity to salt at the seedling stage. OsDSR2-overexpressing seedlings 
also showed a significant enhance towards a simulated drought (PEG osmotic stress) 
sensitivity, its stress-sensitive phenotype was reflected in the shorter shoot, less root 
number, and lighter fresh weight of transgenic seedlings compared to WT. The 
detached leaves of OsDSR2-overexpressing seedlings lost water significantly faster 
than that of WT seedling leaves, and the RWC of transgenic seedling leaves was 
significantly lower than that of WT seedling leaves. The shoot and root growth 
inhibition by ABA were more severe in WT seedlings than transgenic seedlings, 
indicating that OsDSR2-overexpressing plants has hyposensitivity to exogenous ABA. 
By expression profiling analysis using qRT-PCR, all of the examined 
stress-responsive genes were found to be downregulated in OsDSR2-overexpressing 
rice compared to corresponding WT rice under salt and simulated drought stresses: 
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